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Abstract
The urbanisation process in cities of developing countries is often insufficiently
planned and poorly coordinated and Third World cities are known for their
inherent chaotic and discontinuous spatial patterns, and rapid and unorganised
development process. The present paper focuses on a specific kind of urban
growth that happens in these cities, called 'peripherisation', which is characterised
by the formation of low-income residential areas in the peripheral ring of the city
and a perpetuation of a dynamic core-periphery spatial pattern. Simulation
models allow us to unfold the rapid urbanisation process and investigate its
dynamic process, testing hypothesis and analysing the relationship between
different elements. We present two different simulation exercises that allow us to
explore different features of urban growth in Latin American cities. This gives us
a different perspective of the phenomenon, from which we can study how
planning policies could drive the urbanisation of Third World cities to a different
path, rather than simply trying to control it.

1. Introduction
The urbanisation process in cities of developing countries is often insufficiently planned and
poorly coordinated and Third World cities are known for their inherent chaotic and
discontinuous spatial patterns, and rapid and unorganised development process. The present
paper focuses on the development of Latin American cities in space and time, focusing on a
specific kind of urban growth that happens in these cities, called 'peripherisation'.
‘Peripherisation’ can be defined as a kind of growth process characterised by the formation of
low-income residential areas in the peripheral ring of the city. These areas are incorporated to
the city by a long-term process of expansion in which some of the low-income areas are
recontextualised within the urban system and occupied by a higher economic group while
new low-income settlements keep emerging on the periphery.
The present study explores these ideas with a number of agent-based simulation experiments
in order to improve the understanding of the relation between the dynamics and the resultant
morphology of rapid urbanisation. We use urban modelling techniques in order to unfold the
problem of urban growth of Latin American cities through their dynamics. We will show
from very simple simulation exercises that some of the most important issues regarding urban
growth of Latin American cities can be investigated.
We will present the Peripherisation Model (Barros and Alves Jr., 2003), a simulation models

that explores a specific mode of urban growth that is characteristic of Latin American cities
morphology and ‘City of Slums’(Barros and Sobreira, 2002) that focuses on the role of
spontaneous settlements in the global spatial dynamics of Third World cities. We will then
relate these experiments with examples from reality through some maps of two Latin
American cities: Sao Paulo and Belo Horizonte, Brazil.

2. Urban Growth in Latin America
While the problem of urban growth in Europe and North America has been formulated in
terms of sprawl, in the Third World and, more specifically, in Latin America the main focus
has been the rapidity of growth of cities. Indeed, Latin American countries went from being
predominantly rural to predominantly urban in very few decades, with high concentrations of
urban population in cities with more than one million inhabitants (UNCHS, 1996). This rapid
urbanisation produced various kinds of social problems, especially in terms of housing since
the governments of such countries did not manage to provide enough housing and urban
infrastructure to house all the migrants that arrived to the cities.
However, this population change has shown marked signs of change since 1980 and the
principal problem of urban growth in Latin American cities is no longer the high rates of
population growth and rural-urban migration. Rather, it is the spatial pattern of growth, the
peripherisation process, which enlarges the peripheral rings of cities and metropolis despite
the reduction in the overall urban growth rates. The peripherisation phenomenon is becoming
an increasing significant issue, particularly in the larger cities of Latin America. In those
cities, the demographic growth rate has slowed right down, migration has taken second place
to natural increase, and the bulk of the housing stock now consists of upgraded (or in process
of upgrading) low-income residential areas, with a large number of spontaneous settlements.
The phenomenon of peripheral growth, which has been recognised by Latin American
researchers and planners and termed ‘peripherisation’, can now be considered as an
established process of growth of most Latin American cities. Peripherisation can be defined
as a kind of growth process characterised by the expansion of borders of the city thorough the
massive formation of peripheral settlements, which are, in most cases, low-income residential
areas. These areas are incorporated to the city by a long-term process of expansion in which
some of the low-income areas are recontextualised within the urban system and occupied by
higher economic group while new low-income settlements keep emerging on the periphery.
Peripherisation is an urban spatial problem which has strong effects in social and economic
terms, a problem that is unlikely to fade away without a well informed planning action. The
peripheral ring of Latin American cities consists mostly of low-income housing including
large spontaneous settlements, and which usually lack urban services of any kind. As such,
peripherisation clearly constitutes a social problem. However, it is not a problem only in the
sense of the extreme social inequalities that appear in the city in a very concrete spatial form.
Rather, the problem is the perpetuation of such a form in space and time and, in this sense,
peripherisation is a social problem of spatial order.
In order to better understand the process of peripheral growth, it is necessary to study the
physical/spatial elements that compose it and the dynamics of its formation, growth and
consolidation. The study of spontaneous settlement in the global context of urban growth is
important not only for the purposes of planning but also for understanding the nature and
scope of urban problems in developing countries.
Although the formation of spontaneous settlements is considered a consequence of the high
rates of growth, the persistence of this process despite the recent slow down of these rates in
Latin American cities suggests a consolidation of this process as the normal mode of urban
growth in those cities. It must be noted that what is considered here is the consolidation of the

process rather than of the spatial structure. This means that the topological structure of
location (core-periphery) remains the same while the spatial location of the periphery is
modified in a constant movement towards the city’s borders. Spontaneous settlements keep
moving and expanding the urban frontiers as a consequence of the core’s development. The
spatial structure can be considered as ‘a pattern in time’(Holland, 1995), since it is a dynamic
phenomenon in which the spatial pattern is constantly being reproduced.

3. Simulating urban phenomena
The morphological structure of the city is built from the interplay of different dynamics,
offering an extra level of complexity to these systems. As Holland (1995:1) suggests “a city’s
coherence is somehow imposed on a perpetual flux of people and structures”. From
Holland’s words one can identify two different kinds of fluxes: the flux of people and the
flux (or change) of structures. The ever-changing nature of cities, however, seems to require
both interpretations for a better understanding. Not only it is necessary to understand the
complex nature of each one of these fluxes, but it also seems to be necessary to understand
the connections (or interactions) between these complex layers that together produce the
emergent structure of urban space.
Complexity theory came to shift the approach in the use of computational models and
quantitative measures, which have been traditionally used in quantitative urban morphology
research. Cellular automata models replaced traditional causal models, shifting the paradigm
of urban models towards a complexity approach. The idea of a structure emerging from a
bottom-up process where local actions and interactions produce the global pattern has been
widely developed ever since. CA models, however, explore only the spatial layer of the city
and, although transition rules often were representations of human decision making, this
representation is not explicit.
In order to explore the second layer of urban complexity, the flux of people, agent-based
models were introduced in urban simulation. This came to meet the understanding that
human decision-making plays a major role. Although a number of models have been
developed using agent-based techniques to simulate urban scenarios, including land use,
pedestrian modelling, and so on, the use of agent-based simulation to urban spatial change is
still not a consensus in the research community (Couclelis, 2001).
Agent-based models can also be seen as models of ‘mobile cells’(Batty and Torrens, 2001).
This point of view suggests that these models would be suitable to simulations focusing on
the human behaviour in a given spatial environment, as it is the case of pedestrian modelling,
for example, rather than to urban spatial change. Although it is true that agents can be mobile,
we understand that in an agent-based model agents are not necessarily mobile (see Bura et al.,
1996) and that this point of view reduces the power of these kind models that we understand
to be wider.
Agent-based models allow modellers to work with three distinct layers or interactions: agentagent, agent-environment and environment-environment. A cellular automata model explores
only environment-environment interactions through fixed neighbourhood relationships.
In the present paper an agent-based model is seen as a cellular based model (raster) like
cellular automaton, in which the transition rules of the CA are replaced to actual decisionmaking rules. Like in CA models, the choice of increasing the degree of complexity of the
model or keeping it simple depends entirely on the researcher and the purposes of the model
in hand. We argue that agent-based models, viewed as such, open up an avenue for analysis
of dynamic processes that link spatial development with social issues. This kind of analysis is
of fundamental importance when dealing with cases of strong social differentiation as the

case of urban development in the Third World.

4. Peripherisation Model
The aim of our simulation model is to develop heuristic-descriptive models on the
decentralised process underlying the process of growth in Latin American cities. The model
was elaborated in such a way that the behaviour rules are as simple as possible. It is totally
based on the agent-environment relationship and we do not explore neither environmentenvironment nor agent-agent relationships. The model was built on a Starlogo platform, that
is a friendly user parallel programming tool developed by the Epistemology and Learning
Group of the Massachusetts Institute of Technology.
The model represents a process of succession and expansion by simulating the locational
process of different economic groups in an attempt to reproduce the residential patterns of
these cities. In the model, the population is divided in distinct economic groups according to
the pyramidal model of distribution of income in Latin American countries, which suggests
that the society is divided into three economic groups (high, medium and low income) where
the high-income group are a minority on the top of the triangle, the middle-income group are
the middle part of the triangle and the low-income group is on the bottom of the triangle.
Our simulation model assumes that, despite the economic differences, all agents have the
same locational preferences, that is, they all want to locate close to the areas that are served
by infrastructure, with nearby commerce, job opportunities and so on. As in Third World
cities these facilities are found mostly close to the high-income residential areas, in the
model’s rules the agents look for a place close to a high-income group residential area. What
differentiate the behaviour of the three income groups are the restrictions imposed by their
economic power. Thus, the high-income group (represented in the model in red) is able to
locate in any place of its preference. The medium-income group (in yellow) can locate
everywhere except where the high-income group is already located; and, in turn the lowincome group (in blue) can locate only in otherwise vacant space.
In the model there are agents divided into three breeds (and colours) in a proportion based on
the division of Latin American society by income. All the agents have the same objective that
is to be as close as possible to the red patches; but each breed (economic group) presents a
different restriction to the place they can locate. Since some agents can occupy another
agent’s patch, it means that the latter is ‘evicted’ and must find another place to settle.
In what follows we will present some of these experiments in which we have tested the
behaviour of the model with different parameters. Two main parameters define the behaviour
of the peripherisation model: ‘steps’ and ‘proportion of agents per breed’. Step is the number
of actual steps, i.e., number of pixels that the agent walks before trying to settle in a place
(patch). Experiments were carried out testing different parameters in order to analyse the
behaviour of the model.
In the figure below we can see the sequence of snapshots of peripherisation model with
different values for the parameter ‘step’. The sequence of snapshots were taken with the same
initial condition, that is, one seed only on the coordinates (0,0) and the same proportion of
agents per breed, that is 10% red, 40% yellow and 50% blue. It is interesting to notice that the
different steps determine a different spatial development with the same number of iterations
(variable time - t). The first set of snapshots (steps = 1) presents a more spread spatial
development than experiment the second one (steps = 2), with less homogeneity within the
patches of colours. Also, it tends to develop more rapidly in space than the first experiment.
This is due to the fact that the larger the step, the more empty spaces are left between patches,
making the search virtually easier, that is, the agents find an appropriate place to settle faster.

STEP = 1

STEP = 2

Figure 1. Sequences of snapshots from Peripherisation model using different values for the
parameter ‘step’
We have also tested the behaviour of the model with different proportions of agents per
breed. All of them respect the pyramidal model, which is acknowledged as the distribution of
population per economic group in Latin America. In the following experiments (Figure 3), we
have tested three proportions 5 30 65 (5% of red agents, 30% of yellow agents and 65% of
blue agents, respectively), 10 40 50 and 10 30 60. The snapshots of these tests on time = 2000
are below. The number of steps was fixed and equal to 2 (steps = 2).
We can see that the proportion the spatial development occurs in different speed according to
the proportion of agents per breed. This means that different breeds develop spatially in
different speed, as can be observed in the figure below, where we can see that the first
sequence (proportion 5 30 65) presents much slower spatial development than the other three
experiments. This is because there are fewer red agents in this experiment and the red agents
settle faster than the other two because they can settle anywhere (any colour of patch). Also,
according to the model’s rules, the more red patches there are, the faster the other two agents
will settle.
5 30 65
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10 30 60

10 20 70

Figure 2. Snapshots from Peripherisation model at time = 2000 using different proportions of
agents per breed
We also carried out some tests with different initial conditions to explore the idea of path
dependence in the model’s behaviour. All experiments present fixed parameters (step = 2 and
proportion of agents per breed = 10 40 50). Figure 4 shows some of these experiments.
Experiments A and B explored the idea of multiple seeds. This is the case of metropolitan
areas, which are the result of the combination of several cities or villages that ended up as a
single spatial area because of their spatial proximity. The initial condition of the sequence C
represents a path or a road, which is a very common situation in the real world. Sequence D
presents as an initial condition an attempt to resemble a grid of colonial Portuguese and
Spanish cities, typical in Latin America. It is interesting to note that the spatial development
starts with a very mixed structure, and as time passes, the core-periphery structure emerges.

As in reality, this spatially segregated pattern is consolidated in the model and as the
simulation runs, the spatial development expands maintaining the core-periphery structure.
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Figure 3. Sequences of snapshots from Peripherisation model testing different initial
conditions: multiple seeds (A and B), path or road (C), and grid of colonial city (D).

6. City of Slums
City of Slums (Barros and Sobreira, 2002) was built upon the peripherisation model by
combining the original peripherisation logic to a consolidation rule. This rule refers to a
process in which spontaneous settlements are gradually upgraded, and, as time passes, turn
into consolidated favelas or, in other words, spontaneous settlements that are harder to evict.
As a result of the introduction of the consolidation logic, the city of slums model generates a
more fragmented landscape than the homogeneous concentric-like spatial distribution of
classes in which consolidated spontaneous settlements are spread all over the city.
The consolidation process is built into the model through a ‘cons’ variable. This cons
variable has its value increased at each iteration of the model and, at a certain threshold, the
blue patch turns into the consolidation state, represented by the brown colour in the model. If
a red or a yellow agent tries to settle on the blue patch in a stage previous to the consolidation
threshold, the blue patch is replaced by the respective new occupant’s patch colour.
Otherwise, brown patches are ‘immune’ to eviction.

Figure 4. Variations of step and consolidation threshold parameters, time = 2000.
We have run the same kind of experiments using different parameters, also testing the
sensitiveness of the simulation to the consolidation parameter (see figure 4). Figure 5 shows
two snapshots sequences testing different initial conditions. As it can be observed, at the
beginning of both simulations there are no brown patches (consolidated spontaneous
settlements) in the virtual urban landscape. After some iterations, brown cells appear,
resembling what occurs in actual cities. In the last two snapshots (t = 1500 and t = 2000) one
can identify a pattern, which is very similar to the typical distribution of spontaneous
settlements in Third World, in special Latin American cities.

Figure 5. Experience with different initial conditions, polycentric (A) and colonial grid (B)
This pattern was analysed and compared to the distribution of spontaneous settlements in real
cities by using a fragmentation measure (Sobreira, 2002) which is related to the diversity of
sizes of ‘fragments’ in systems.
In figure 6 the fragmentation pattern is analysed through the size distribution of settlements in
three Third World cities and compared to the size distribution of settlements in the City of
Slums simulations in figure 7. In particular, the settlements in each city were grouped
according to their area, and the relation between number of settlements (N(a)) and respective
size interval (a) were plotted in a log-log graph. As one can observe from the graph of figure
6, the scaling law which describes the settlements size distribution in the real cities falls in
the same statistical fluctuation of the law which describe the size distribution of the city of
slums simulations. The graphs in figure 4 and figure 5 describe the same scaling relation N(a)
~ a-α., where α = 1,4 ± 0,2.

Figure 6. Fragmentation pattern of settlements in three Third World cities: Kuala Lumpur, in
Malaysia; Manila, in Philippines; and Lima, in Peru.

Figure 7 . Distribution of settlements in the City of Slums model with fragmentation graph.
Both global scale fragmentation patterns (real and simulated) are statistically the same, found
for the local scale internal morphologies of the settlements. The negative exponents (α and τ)
indicate a non-linear scaling order, in which there is a great number of small units (islands, at
the local scale, and settlements at the global scale), a small number of big units, and a
consistent distribution between them (Barros and Sobreira, 2002).

7. Comparison with reality
In what follows, we show some simple maps built from the Census 2000 dataset for two
Latin American cities: São Paulo and Belo Horizonte. These maps represent patterns of
income concentration that, together with the simulation model above, illustrate the process of
peripherisation in Latin American countries.
Figure 6 shows the maps of income distribution in two Brazilian cities: São Paulo and Belo
Horizonte. The city of São Paulo has a population of over 10.4 million inhabitants and
occupies an area of 1,509 km2, out of which 900 km2 are urbanized. Its metropolitan region is
comprised of 39 autonomous cities with a resident population of more than 17.8 million
inhabitants occupying an area of 8,501 km2. Belo Horizonte is today the third largest
metropolitan area of Brazil and is comprised of 33 municipalities that have a population of
4.8 million inhabitants over an area of 9179.08 km2. Belo Horizonte city itself is far more
compact than its metropolitan region with a population of 2.2 million inhabitants in area of
330.23 km2.
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Figure 8. Maps of Sao Paulo (A to C) and Belo Horizonte (D to F) showing distributions of
income in the urban area. Maps A, B, D and E using quantile breaks and maps C and F using
natural breaks.
The maps above show the distribution of income per census sector in the urbanized area of
São Paulo (figure 8 – A to C) and Belo Horizonte (figure 8 – D to F). The limits of the maps
are the administrative boundaries of the cities and, therefore, the metropolitan areas (Great
Sao Paulo and Great Belo Horizonte) are not included in those maps.
The data used here is the monthly household income per census sectors (enumeration district
/ census block) and is part of the Census 2000 dataset provided by the Brazilian Institute of
Geography and Statistics (IBGE). This variable was chosen because of its similarities to the
rules of the Peripherisation Model, which is based on the division of agents into economic
groups.
For the maps of Sao Paulo city we used a total of 12,428 census sectors out of the 13,278
sectors available and for Belo Horizonte’s maps we used a total of 2,549 sectors out of 2,564.
Each census sector contains an average of 250 households or 750 inhabitants. The remaining
sectors, coloured grey in the maps, represent either non-urbanised areas or sectors without
available information for the population variable.
The aggregated data per urban census sector was normalised by the number of householders
in each sector and then classified into three ranges (Figures 8A and 8D) or six ranges (Figures
8B, 8C, 8E and 8F). The maps use red for the higher income groups, yellow for middleincome groups, and blue for the lower income groups, as in the simulation model to aid
comparison. As in the images produced by the model, we can easily identify a concentric
pattern in figures 8A and 8D, in which the high-income groups are concentrated towards the
centre of the urban area and the concentration of high-income groups decreases towards the
urban periphery. The graduation is more easily observed in Figures 8B and 8E where the
same data was graduated into six classes, showing a decrease in the income distribution
towards the edge of the city.

Figures 8C and 8F show a different classification of income, where the number of red areas is
fewer in comparison to the two other maps. In these maps, the classification was done
according to the natural groupings of the data (income) values, and, what the map actually
shows is that there are very few people that belong to a high-income group and a lot of people
that belong to the low-income group. It should be noted, however, that we have not used
established definitions of income groups either in the simulation model or in the maps shown
above and our focus is on the relative locational pattern of these groups within the city only,
As such, the actual number in each income group is not relevant for the present study.
Of course, the spatial pattern in the maps is not as concentric as the patterns produced by the
simulation model. This is due to various aspects such as initial conditions, topography, the
presence of water bodies, etc. In particular, the topography of these areas has strong
influences on the spatial development of these cities. Belo Horizonte, for example, was built
in a valley which constrained its development to the east, that forced its development to the
north and south.
It is also important to mention that the maps shown here do not encompass the metropolitan
area of those two cities, but they are restricted to their administrative boundaries. This means
that Sao Paulo and Belo Horizonte are actually part of polycentric urban areas like the ones
showed in Figure 3 and, therefore, the analysis of their urban form is restricted.

8. Conclusions
Latin American cities present a specific mode of urban growth, which differs in many aspects
from urban growth in Western countries. Yet, most theories about urban growth,
morphological patterns and inner-city change have treated the city as a generic entity and
therefore the knowledge on the specificities of the dynamics of different kind of cities has not
been very explored to date.
The paper has presented two simulation experiments exploring different features of the urban
growth phenomenon in Latin American cities and then related these experiments with
examples from reality through maps of Latin American cities and fragmentation
measurements.
It seems clear that the actual development process of Latin American cities consists of socioeconomic inequality that is reproduced in space by the locational process. The peripherisation
process was initially caused by the high rates of urban growth in these countries but it is now
consolidated as the normal process of development of these cities. The result is an emergent
pattern of spatial segregation characterised by stark differences between core and periphery,
which is consolidated as the residential spatial pattern of Latin American cities. The
perpetuations of both process and spatial pattern reinforce the social inequality, which was
their cause in the first place, working as a vicious cycle.
The simulation exercises allowed us to develop the understanding of the rapid urbanisation
process and investigate its dynamics, changing our perspective of the problem from a
demographic viewpoint to a dynamic and morphological one. This research has taken a step
in the direction of bringing new perspective to an old problem. However, the peripherisation
model is at a very preliminary stage of development and is still a rough simplification of the
phenomenon. It is possible to refine the model and encompass a more complex behaviour as
well as spatial constraints. Thus, our next steps are the further development of the model and
enhancement of spatial analysis using real data in order to aid comparison.
The need for a better understanding of urban spatial phenomenon in cities of the Third World
is essential in order to provide a basis to future planning actions and policies. The approach
outlined in this study is part of an ongoing research and will be further developed.

Nevertheless, we believe it provides good evidence that urban modelling tools together with
GIS and fine scale data can provide an appropriate basis for research on Latin American
urban process. We also believe it is necessary to approach the problem relating morphology
and dynamics, for which simulation models and complexity theory provide the appropriate
means.
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